ABSTRACT Background: Maternal obesity and excessive gestational weight gain (GWG) are major short-and long-term risk factors for maternal and fetal complications. Objective: The objective was to study whether a lifestyle intervention based on a brochure or on active education can improve dietary habits, increase physical activity (PA), and reduce GWG in obese pregnant women. Design: In this randomized controlled trial, 195 white, obese pregnant women [age: 29 6 4 y; body mass index (in kg/m 2 ); 33.6 6 4.2] were randomly assigned into 3 groups: a group that received nutritional advice from a brochure, a group that received the brochure and lifestyle education by a nutritionist, and a control group. Nutritional habits were evaluated every trimester through 7-d food records. PA was evaluated with the Baecke questionnaire. Results: Energy intake did not change during pregnancy and was comparable in all groups. Fat intake, specifically saturated fat intake, decreased and protein intake increased from the first to the third trimester in the passive and active groups compared with an opposite change in the control group. Calcium intake and vegetable consumption increased during pregnancy in all groups. PA decreased in all groups, especially in the third trimester. No significant differences in GWG and obstetrical or neonatal outcome could be observed between the groups. Conclusions: Both lifestyle interventions improved the nutritional habits of obese women during pregnancy. Neither PA nor GWG was affected.
INTRODUCTION
In line with the worldwide increase of obesity, maternal obesity is becoming more prevalent. Almost 30% of women receiving antenatal care in Belgium have a body mass index (BMI; in kg/m 2 ) .26.0 (1). Maternal obesity is a major risk factor in the short term for both maternal and fetal complications, including maternal and fetal mortality, miscarriages, gestational diabetes mellitus (GDM), pregnancy-induced hypertensive disorders, macrosomia, and cesarean sections (2) . Long-term risk factors are juvenile obesity and the metabolic syndrome in the child, regardless of the presence of GDM (3, 4) .
A high prepregnancy BMI and excessive gestational weight gain (GWG) are both risk factors for pregnancy complications. Guidelines for GWG were published in 1990 by the Institute of Medicine (IOM), which suggesting a GWG of 6.8-11.2 kg (15-25 lb) for overweight women (BMI of 26.0-29.0) and .6.8 kg (15 lb) for obese women (BMI . 29.0) (5) . The total amount of GWG is determined by many factors (6) , of which maternal dietary intake and physical activity (PA) may be the most modifiable factors. Higher total energy intake as well as a higher proportion of protein and lipids of animal origin and a lower proportion of carbohydrates are associated with an increased GWG at the end of the second trimester (7) . The diet of overweight pregnant women gaining excessive weight contains a higher energy percentage from fat and lower energy percentage from carbohydrates compared with the diet of women gaining suboptimal weight (8) . On the other hand, pregnant women consuming 3 servings of fruit and vegetables per day gained 0.8 kg less than those who consumed fewer servings (9) . Besides GWG, maternal lifestyle is important for a healthy pregnancy outcome. The "fetal origin hypothesis" by Barker brought this to attention 20 y ago. The hypothesis postulates that fetal undernutrition in middle to late gestation, which leads to disproportionate fetal growth, programs the fetus for the development of chronic diseases in adulthood (10) . Recent studies emphasize the importance of a healthy maternal dietary pattern on specific aspects, eg, the association of folic acid intake in a Mediterranean diet compared with that in a Western diet, spina bifida or a cleft lip (11, 12) , and the association of high calcium intake with greater bone mass in the offspring at the age of 9 y (11). Apart from a healthy diet, 30 min of moderate PA on most, if not all, days of the week is also recommended for pregnant women without either medical or obstetric complications (12) . It reduces the risk of GDM and improves the total well-being of pregnant women (13, 14) . Because pregnant women with a higher BMI in general have a poor diet quality (15, 16) , this should be an intervention focus. However, few studies with the aim of improving the dietary intake and increasing the PA of pregnant women have been undertaken and even fewer have focused on overweight or obese mothers (17) (18) (19) .
The aims of this randomized controlled trial were therefore to study which degree of intervention can improve dietary habits according to the National Diet Recommendations, increase PA level in obese pregnant women, and control GWG.
SUBJECTS AND METHODS

Design
This randomized controlled trial was conducted at the prenatal clinic, Department of Obstetrics and Gynecology, University Hospital of Leuven, Belgium, after approval by the Ethics Committee for Human Experimentation of the Faculty of Medicine of the Catholic University of Leuven.
Subjects
Obese (BMI . 29.0 according to IOM criteria ) (5) white women consecutively attending the prenatal clinic before 15 wk of gestation were randomly assigned to 3 different groups after having given written informed consent. Exclusion criteria were as follows: preexisting diabetes or developing GDM, multiple pregnancy, recruitment after 15 wk of gestational age, premature labor (delivery before 37 wk of gestation), primary need for nutritional advice in case of a metabolic disorder, kidney problems, Crohn disease, allergic conditions, and inadequate knowledge of the Dutch language, because this language was used for both the brochure and the group discussions. The control group received routine prenatal care. The second group, referred to as the passive group, was given a brochure during the first prenatal consultation. This brochure was specifically designed for the study and provided advice on nutrition and on PA and tips to limit pregnancy-related weight gain. The last group, referred to as the active group, also received the same brochure and was actively counseled by a trained nutritionist (IG) in 3 group sessions. A maximum of 5 women were brought together in these 1-h sessions, which were scheduled at 15, 20, and 32 wk of pregnancy. The sessions provided subjects with recommendations on a balanced, healthy diet, based on the official National Dietary Recommendations (9-11% of the energy should come from proteins, 30-35% from fat, and 50-55% from carbohydrates) (20) . The dietary intervention aimed at limiting the intake of energy-dense foods (eg, fast food and sweets) by substituting them with healthier alternatives (eg, fruit), increasing low-fat dairy products, increasing whole-wheat grains, and reducing saturated fatty acids. Moreover, more general topics such as energy balance, body composition, Nutrition Facts Labels, and how to increase PA were discussed. Techniques of behavioral modification were used to give the women insight into controlling periods of emotional eating, preventing binge eating sessions, etc.
Energy intake was never restricted in any group. However, by reducing energy-dense foods, the intervention indirectly aimed at reducing total energy intake. In case of weight gain above IOM recommendations (5), patients were advised to limit the intake of energy-dense foods. Since the 1990 IOM recommendations do not have an upper limit for GWG in obese women, the upper limit for GWG of 11.2 kg for overweight women was used.
Clinical variables
At each antenatal visit, the subjects' weight was measured with a calibrated balance (alpha model 770; Seca, Teleflex Medical BVBA, Sint Stevens Woluwe, Belgium) accurate to 0.1 kg while the subjects were wearing indoor clothing but no shoes. The weight at baseline was the self-reported prepregnancy weight. Final weight measurements were performed at the delivery room on the day of delivery. Total weight gain was defined as weight at birth minus prepregnancy weight. The height of the subject was measured once at the first visit, with a microtoise to the nearest 0.5 cm. Measured height and prepregnancy weight were used to calculated the BMI (kg/m 2 ), defined as weight (kg) divided by height 2 (in m). Age, parity, smoking behavior, and the use of pregnancy dietary supplements were recorded at inclusion. Each subject followed the standard clinical protocol for pregnant women, including a minimum of 3 ultrasound examinations (in the first, second, and third trimesters) with additional examinations if required, blood pressure measurement and urine screening for proteinuria and glucosuria at each antenatal visit, and a 50-g glucose challenge test at 24-28 wk of gestation. Furthermore, the following data were recorded: duration of pregnancy, GDM, pregnancy-induced and chronic hypertension, induction of labor, mode of delivery, birth weight and height, macrosomia (defined as a birth weight 4000 g), Apgar score after 1 and 5 min, and admission to intensive neonatal care. GDM was diagnosed with the Carpenter and Coustan criteria by using 2 abnormal plasma glucose values (fasting . 95 mg/dL, 1 h .180 mg/dL, 2 h .155 mg/dL, and 3 h .140 mg/dL) (21) . The diagnosis of pregnancy-induced hypertension (PIH) was defined according to International Society for the Study of Hypertension in Pregnancy guidelines as follows: de novo blood pressure 140/90 mm Hg appearing after 20 wk of gestation. Preeclampsia was defined as the presence of PIH or chronic hypertension in combination with proteinuria (22) .
Dietary habits
Nutritional data were obtained from 7-d dietary records. Subjects were asked to record in as much detail as possible all foods and beverages consumed over a 7-d period during each trimester of the pregnancy. The servings used for the 7-d dietary records were either weight measures or were described in household units. Specific recipes or food brand names were also recorded. The nutritionist checked each record together with the subject for completeness (eg, portion sizes, brand names, and recipes). 
Physical activity
A PA score was also calculated for each trimester of the pregnancy by using the Baecke questionnaire (23). The Baecke questionnaire was validated against the doubly labeled water method and includes a total of 16 questions classified into 3 domains: work, sports, and nonsports leisure-time activities (24) . There are several question for each domain, scored on a 5-point scale, ranging from "never," "seldom," "sometimes," "very often," to "always." A total score for PA from a minimum of 3 to a maximum of 15 was obtained.
Subject inclusion
Recruitment took place at the antenatal clinic of the University Hospitals Leuven, Belgium, between 1 March 2006 and 31 January 2008. A flow chart of subject enrollment is shown in Figure 1 . Two hundred seventy-seven obese pregnant women were approached, of whom 42 were excluded after a first interview. Forty women refused the invitation to participate. This means that in each group 65 patients were included at the start of the study. The patient was considered a dropout if one of the following were missing: first dietary record, third dietary record, and total GWG. If a woman went into premature labor (delivery before 37 wk of gestation), she was excluded because her GWG was biased by the duration of the pregnancy. In the control group, 22 patients were withdrawn from the analysis: 7 exclusions (1 twin pregnancy, 2 concealed pregnancies, 1 subject excluded because of insufficient knowledge of the Dutch language, 1 premature delivery, 2 subjects with a BMI , 29.0), 2 drop-outs (patients moved out of the hospital area), 1 GDM, 3 miscarriages of which 1 termination of pregnancy after a diagnosis of spina bifida, and 9 subjects with at least one 7-d dietary record missing. In the passive group, 28 patients were excluded for the same reasons: 8 exclusions (1 twin pregnancy, 1 subject excluded because she started visiting a dietitian on her own initiative, 2 premature deliveries, and 4 subjects with a BMI , 29.0), 2 GDM, 5 miscarriages including 1 termination of pregnancy for previable premature rupture of membranes, and 13 patients with missing 7-d dietary records. In the active group, 23 subjects were excluded: 4 exclusions (2 because of language problems and 2 subjects because of a BMI , 29.0), 8 drop-outs, 3 with GDM, 3 miscarriages including 1 induced abortion after diagnosis of multiple congenital malformation, and 5 with missing 7-d dietary records. After the exclusions, 43, 37, and 42 subjects were followed until delivery in the control, passive, and active groups, respectively.
Prepregnancy BMI, age, smoking, use of fertility treatment, and traveling distance to the hospital did not differ between the women completing the study and those dropping out (data not shown). However, the proportion of nulliparae and the number of women working outdoors were significantly higher in the group of women completing the study than in the group of drop-outs (nulliparae: 42.6% compared with 27.4%, P = 0.033; outdoor profession: 86.9% compared with 75.3%, P = 0.040).
One patient recruited into the active group had an exceptional GWG. From week 20 of gestation to week 24, she gained 13.6 kg without a clear physiologic explanation. She delivered a healthy infant (birth weight: 3.89 kg) at 38 wk of gestational age, and her total GWG was 30 kg. The statistical analysis was performed both with and without this patient's data, but, because the data did not substantially affect the results, they were kept in the analyses.
Sample size justification and data analysis
Power analysis was performed based on data collected the year before this study from a pilot study on GWG with subjects with a BMI . 30. Dietary data were not included in the analysis because they were not available. With a recruitment of 46 subjects in each group, we had 80% statistical power to detect FIGURE 1. Flow chart of randomization into 3 arms and follow-up during pregnancy. GDM, gestational diabetes mellitus. a 25% reduction in GWG based on a mean (6SD) GWG of 8 6 2 kg.
All analyses were performed by using the Statistical Package for the Social Sciences (SPSS for Windows, release 16.0). A 2-sided level of significance of 0.05 was used. Continuous variables were analyzed by using analysis of variance (ANOVA) followed by post hoc tests, if normal distribution and equal variances were assumed. During the post hoc tests (multiple individual tests), an overall level of 0.05 was preserved by using the Bonferroni inequality at the 0.001 level. The assumption of normal distribution, however, was violated for all continuous variables of the patient characteristics (age, prepregnancy weight and BMI, height, and gestational age at recruitment). Therefore, they were tested with a Kruskal-Wallis test. Categorical variables were analyzed by using Kendall's tau-B test. Dietary outcomes and the PA scores were analyzed by using a repeated-measures ANOVA with intervention group and trimester as between-and withinsubject variables, respectively. Interaction between both factors was included to verify whether evolution over time differed between groups.
RESULTS
Dietary intake
Baseline characteristics at inclusion of the subjects are shown in Table 1 . The results of the 7-d dietary records for each trimester of pregnancy are shown in Table 2 . Dietary habits during the first trimester, before any intervention took place, were comparable in the 3 groups (P values not shown) and were far from the recommended values. Mean daily intakes of fat and saturated fat were far above the range of 30% to 35% of energy and the upper limit of 10% of energy, respectively. Protein intake was higher than the recommended range of 9% to 11% of energy and carbohydrate intake was below the minimal level of 50% of energy. The amount of dietary fiber consumed daily was not even 63% of the recommended amount of 30 g/d. This result is in line with the low fruit and vegetable consumption of the subjects: only half of the recommended amount of fruit (2-3 pieces/d) and vegetables (300 g/d) was consumed. The recommended value of calcium intake for pregnant women is 1200 mg/d The subjects' values did not reach the recommended value of 900 mg/d for nonpregnant women.
Mean energy intake did not change throughout pregnancy, and this was the case for all groups as shown by the lack of significant interaction between trimester and group in Table 2 (P = 0.065). However, there was a significantly lower energy intake in the passive (P = 0.016) and active (P = 0.004) groups than in the control group.
From the first to the third trimesters of pregnancy, a shift in the dietary pattern occurred. This shift in the 2 intervention groups was different from that in the control group. In the latter group, the percentage of energy originating from fat intake increased significantly in association with a significant decrease in the percentage of energy originating from protein intake. In the passive and active groups, on the contrary, the opposite shift occurred: fat intake decreased significantly and protein intake increased. More specifically, the change in total fat intake was due to a change in saturated fat intake: the passive and active groups decreased their intake from saturated fat from first to the third trimesters, whereas intake did not change in the control group. No significant differences in the percentage of energy originating from carbohydrate intake were observed during pregnancy or between groups. This did not apply to the intake of dietary fiber: the mean intake increased from the first to the third trimesters in all groups (P = 0.031). During the post hoc tests, a significant difference in dietary fiber intake was no longer detected between the groups at the 0.001 level of significance. The intake of calcium was comparable and significantly increased in all groups from the first to the third trimesters. The same increase was observed in the consumption of vegetables, but not in the consumption of fruit. Vegetable consumption was significantly higher in the passive (P = 0.002) and active (P = 0.021) groups than in the control group at each time point.
Physical activity
PA scores were comparable in all groups (Table 2 ; P = 0.478). All women significantly decreased their PA when going into their third trimester of pregnancy (second trimester compared with third trimester; P = 0.001). In both the passive and active groups, the PA score of 5 women dropped drastically, but for different reasons: 4 out of the 5 women in the active group required bed rest for medical reasons (hypertension, hospitalization, or lumbalgia), whereas only 1 out of the 5 women in the control group had medical problems. In the passive group, only one large drop in the PA score was observed. However, if the statistical analysis was performed on the data excluding the women with medical complications, the PA score of all groups still decreased significantly (P = 0.002).
Gestational weight gain
Even though the dietary habits of patients in the intervention groups significantly improved, GWG was not significantly different between the active (9.8 6 7.6 kg) or passive (10.9 6 5.6 kg) group and the control group (10.6 6 6.9 kg).
There were as many patients with a GWG in accordance with IOM recommendations in the control group (23.3%) as in the passive and active (27.0% and 26.2%, respectively; P = 0.981) groups. The percentage of patients with a GWG of .11.2 kg was comparable in the control group (48.4%), the passive group (45.9%), and the active group (40.5%) (P = 0.847).
GWG was significantly correlated with birth weight (r = 0.247, P = 0.001). GWG correlated negatively with prepregnancy BMI 1 All values are means 6 SDs and were analyzed by using a repeated-measures ANOVA with intervention group and trimester as between-and withinsubject variables, respectively. There were no significant differences between the passive and active groups, and values between groups were comparable during the first trimester.
2 Significant difference between control group and passive group, P , 0.01 (post hoc test). 3 Significant difference between control group and active group, P , 0.01 (post hoc test). 4 Significant difference between first and second trimesters, P , 0.01. 5 Significant difference between first and third trimesters, P , 0.01 (post hoc test). 6 Significant interaction term during transition from first to second trimesters, P , 0.01. 7 Significant difference between second and third trimesters, P , 0.01 (post hoc test). 8 Significant interaction term during transition from first to third trimesters, P , 0.01.
(r = 20.369, P = 0.001), multiparity (r = 20.163, P = 0.034), and smoking (r = 20.237, P = 0.002).
Obstetrical and neonatal outcomes
Obstetrical and neonatal outcomes are presented in Table 3 . This nutritional intervention study did not detect a significant effect on birth weight: mean birth weight and the number of children with high birth weight (.4000 g) in the 3 groups were comparable. Birth weight .4500 g was not observed. No significant differences in pregnancy or delivery complications were seen between the groups. Hypertensive disorders were very common in every group: 32% of all patients experienced pregnancy-induced hypertension and 19% chronic hypertension. Preeclampsia was diagnosed in 3 patients (2.5%); 22.1% of patients delivered by cesarean section.
DISCUSSION
To our knowledge, this is the first randomized study with 2 groups receiving a lifestyle intervention to a different degree and a control group. In the passive group, the intervention included a brochure designed for the purpose, whereas the active group of this study, apart from receiving the brochure, was guided more intensively by a nutritionist.
In both intervention groups, improvements in dietary habits in line with the national nutritional recommendations for pregnant women were observed (20) . Total fat intake decreased in both the passive and active groups to a level within the recommended range (30-35% of energy). In both groups, saturated fat intake decreased, which is important because a lower intake of saturated fat reduces the fetus's risk of developing an orofacial cleft or a congenital heart defect (25, 26) . Nevertheless, saturated fat intake did not fall below the maximum level of 10% of energy. This was expected because the baseline intake of saturated fat was very high compared with the recommendation. A similar finding was shown for calcium intake, which increased gradually during pregnancy; however, the recommended level of 1200 mg/d was never reached. Another aim of the dietary intervention was increasing fruit and vegetable consumption. Vegetable consumption increased significantly, but fruit consumption did not. Again, the recommended daily amounts of 2 to 3 pieces of fruit and 300 g vegetables were not reached. Given the substandard baseline dietary habits, it may have been unrealistic to expect these patients to reach the recommendations.
These results concerning dietary habits are in line with results of 3 of the 5 studies analyzing nutritional data in obese pregnant women (17-19, 27, 28) . However, except for the study by Wolff et al (28) , only micronutrient intakes or food groups were analyzed (18, 27) . The study methods and results by Wolff et al (28) compare best with those of our study. However, there are 3 differences: 1) their study had only one intervention group; 2) in their study, only micronutrient and fruit and vegetable intakes were analyzed; and 3) in their study, women in the intervention groups were prescribed a caloric restriction, which resulted in a lower GWG than in the control group (28) . In each of the 3 studies on improving nutrition, the intervention consisted of individual counseling (18, 27, 28) . However, this is no guarantee for success: the intervention of Polley et al (19) also consisted of individual counseling sessions with a stepped-care approach and written information, but the intervention had no affect on dietary habits.
PA is generally reduced as pregnancy progresses because of the physical impediments experienced by women in the third trimester (29) . In our study and in 3 other intervention studies reporting on PA, the intervention was never able to counteract this spontaneous decrease in PA among pregnant women (17) (18) (19) . Concerning PA scores, it should be noted that the pregnant women in our study had a sedentary lifestyle. In a BMIcomparable (BMI: 32.3 6 1.9) but older population (age: 39 6 11.4 y), the total PA score was 7.3 6 1.3, which is comparable with the score of our pregnant population (30) .
GWG in the 2 intervention groups did not decrease compared with the GWG of the control group. Five of the 8 published intervention studies were either unable to show reduced GWG in the total population (17, 18, 27) or it was shown only in a subpopulation (19, 31) . The 3 other controlled studies with an obese study population showed a successful reduction in GWG. However, their interventions were staff-and time-consuming and therefore were both difficult and expensive to manage (28, 32, 33) . The number of contacts with the subjects in the intervention groups in these studies was significantly higher than that of our study: 30-min individual sessions every week with weight control and supportive counseling combined with aqua aerobic class once or twice a week or 10 consultations of 1 h each during pregnancy (28, 33) . Because the number of contacts correlates with the degree of weight loss in nonpregnant subjects, this might explain the successfully reduced GWG (34) . Even though more intensive counseling could be more effective at limiting GWG, the subjects' motivation and availability also affected the results. Because the group sessions were usually scheduled in advance, it is possible that the subjects were unable to attend all sessions, whereas individual sessions can be adapted to subjects' availability. In this study, patients who had dropped out of the active group reported that the 3 additional visits and the completion of the 7-d dietary records were too time-consuming, even though the group and individual sessions in the active group had been scheduled in combination with prenatal visits. More intensive counseling could therefore be kept for highly motivated patients or needs to be combined with behavioral therapy. Second, a comparison between the less intensively guided group (passive group) with the more intensively guided group (active group) in our study did not yield any significant difference. Obstetrical and neonatal outcomes in this study were comparable in all groups, ie, the intervention did not affect these outcomes. This was in accordance with all 8 interventional trials previously published (17-19, 27, 28, 31-33) . If reducing obstetrical and neonatal complications had been the aim of this study, a substantially larger study population would have been required.
The strength of this study lay in its design. First, diet composition and PA scores were the primary outcomes of this study, which is exceptional in studies of obese pregnant women. Second, to our knowledge, this study is the only one conducted with 3 groups: 2 groups with an intervention to a different degree and 1 control group. Another strength was the homogeneity of the population: this study focused exclusively on women who were already obese before pregnancy. Patients were randomly assigned by using block randomization, and all groups were comparable for baseline characteristics.
A limitation of the study was that the patients in the control group were aware of being included into a study aiming at promoting a healthy lifestyle and reducing GWG. This might have influenced their 7-d dietary records, resulting in an underestimation of the intervention effect. The problem of underreporting or undereating during an intervention trial could have been detected by using biomarkers of dietary intake. However, this was not included in the original study protocol, given the large sample size. Another problem with this study was that nutritional data were incomplete. Although maximal efforts were made to collect all dietary records, 27 participants (14% of 195 participants) were excluded from the analysis because of a missing 7-d food record. This was certainly an explanation for a higher dropout rate than could be expected at the time of the power calculation, which was based on GWG alone.
In conclusion, a lifestyle intervention based on a brochure alone or group sessions combined with individual advice can improve dietary habits throughout pregnancy in obese women. Even in the absence of medical or obstetric complications, maintaining or increasing PA during pregnancy is difficult. To obtain a significant decrease in GWG, an individually designed caloric intake restriction based on energy expenditure data should be included.
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